Introduction
The budget of project may change due to a number of risk factors. It can bring unexpected costs (usually above the budget costs). The set of risk factors is inscribed in every kind of human activity that is why it is important to protect the project from the effects of risk that will occur [7] . Active risk management process requires risk assessment tools, which in valuable aspect can be an universal criteria to support the decision of starting or continuing the project.
Considering the fact that the implementation of projects is associated with the involvement of a high budget, it is reasonable to provide decision makers with tools to assess the risk of a valuable dimension of the project. The interest in the existence of valuable methods for risk assessment of the project may relate to financing institutions IT projects as well as project teams making current decisions during the execution of the project tasks.
Analysis of currently used risk assessment methods highlights the strong dependence of arbitrary knowledge of those involved in this evaluation process. This means that the fundamental role is played by the expert knowledge and experience of contractors. Outcome of the assessment is therefore a subjective relationship. Project management methodology quantify risk using only the probability and impact strength threats to the project. Commonly known today, agile IT project management methodology does not include the process's risk management, and hence do not specify how the risk would be assessed.
Project risk assessment methods such as decision trees and expected value method give an approximation of the risk of costs terms, but to estimate risk use only values from the evaluated project. Statistical analysis of historical data of other projects can significantly affect the quality of the estimation of risk in financial terms, giving understandable measures to all interested in the project. Lack of one consistent method providing a valuable risk assessment for the whole project is a basic premise for the development of this type of solution.
For the article the importance of the subject to present the Black-Scholes (1973) or the concept of pricing options for discrete variable published in 1979 in the form of the Cox-Ross-Rubinstein's model [11] .
It is assumed that the project ends with success, in which the value of the maximum loss and the cost of the project will be lower than the profits and costs of the project. At the stage of defining the scope, tasks and time planned for the whole project, it is possible to establish the maximum value at risk and, consequently, to prepare an appropriate capital reserve.
The basis for determining the maximum loss in the project has components such as the number of tasks in the project and the roles assigned to specific project tasks. On the basis of the roles assigned to project tasks is to carry segregation of individual tasks according to the distribution of specific classes (conceptual).
Characteristics of the objects of research
The source of the data in the study is SourceForge Research Data Archive http://SourceForge.net platform that contains a repository of FLOSS projects types, A Repository of Free/Libre/Open Source Software Research Data. SourceForge.net is one of the largest platforms for the open source project management with registered more than 300,000 projects and nearly 3.5 million users [SourceForge.net 2011]. Data from this platform are transmitted in the form of databases to archive SRDA excluding personal data, data on the functioning of the SourceForge.net and data that can't be transferred for licensing and security reasons. The information available in the archives of SRDA is huge. The range can illustrate the complexity of the archive database SRDA based on RDBMS ( Relational Database Management System) PostgreSQL, which consists of more than 100 tables.
Acquisition of data for research purposes was realized using SQL queries to the database SRDA. The vast majority of queries were made to multiple tables containing aggregate functions. Research material has been divided into the following categories:
Data on the complexity of the project -the number of tasks in a project;
• Data on the size of the project in time -project duration and duration of individual tasks in a project;
• Data concerning roles in the developing process -the number of different roles in the project fulfilled by people participating in the project;
• Data related to participation in the implementation process -the number of people participating in the project and implementation of specific actions in a project.
The test material on the basis of the state on 02.2011, distinguished 386 328 registered projects, of which 34 040 were active. Number of active projects with at least one task is 19 713, which represents 58% of the number of active projects and 5% of all projects. The maximum number of tasks in the project is 550.
Analyzing the size of the project during the 6173 distinguished projects with a duration of less than 10 days, which is a 31% share of the projects for which they were defined tasks. The maximum duration of the project is 5216 days (characterized by a single project). Figure 1 shows the number of projects depending on their execution time. The database http://SourceForge.net defined 29 roles and functions that can be assigned to the project participants. The largest group are the developers whose participation in IT projects accounted for 33.12% and project managers accounted for 28.16%. The smallest group consisted of technical support analysts (involved only in one project). The database distinguished roles, which are not covered by any person: compilation engineer and general manager for marketing. In the tested data, a significant majority of projects are run by one or two persons, which together represent 90% of the projects. Projects, which are assigned to 10 or more people accounted for 0.13%. Among the projects from the research base 156 projects have these characteristics. This test was used to test the valuable risk assessment. It was necessary to determine the structure of the analyzed projects. For this purpose, roles defined on the platform http://SourceForge.net were divided into 4 categories (conceptual classes):
• Development -Developer, Tester, Cross Platform Developer, All-Hands Person, No specific roles.
• Analysis and Design -Other Designer, Analysis / Design, Advisor / Mentor / Consultant, Requirements Engineering, Web Designer, User Interface Designer • Management -Project Manager.
• Implementation and support -Unix Admin, Doc Writer, Support Manager, Editorial / Content Writer, Packager, Distributor / Promoter, Support Technician. According to this division, for each of the 156 projects were categorization tasks -roles of people assigned to them. In each category, summed times of the tasks, which allowed to determine the structure of each project, which is the percentage of each category in the whole project.
Analysis of probability distributions for designated categories of project tasks
In order to determine the statistical measures of the composition realization projects occurring in the study sample were used principles of probability theory.
Compliance testing were conducted for common distributions. Due to the fact that the categories of analysis and design as well as implementation, and the support contained a small amount of data, resampling was performed in order to maintain the relative equality of the samples with respect to the collection of development and management.
The test for normal distribution of each observation was carried out in two steps:
1 Rating of normality using probability plots. Rating of normality distribution using probability graph is to visually verify the position of the empirical points. If they fall along the line defining the theoretical distribution function, there are no grounds for rejecting the hypothesis H 0 speaking about the normal distribution. Otherwise, H 0 is rejected in favor of the H 1 , so the test is not a normal distribution. For the category of development on the graph the probability of empirical points is distributed along a line defining the cumulative distribution function of the normal distribution. Similarly, the case looks at the drawing of the empirical distribution function. Thus, from the observation of charts there is no reason to reject the hypothesis H 0 . In all tests the compatibility, probability p is higher than the level of significance α = 0.05, which means that there is no evidence to reject H 0 . Therefore, it should be assumed that the data in the research sample of development, have a normal distribution Plot type P-P for category: Development
Plot of empirical distribution for category: Development
Use of the Markowitz approach to minimize the risk of IT project
Markowitz's Portfolio Theory boils down to the creation of the so-called efficient portfolios, those that maximize revenue at a given risk and minimize risk at a given income. In case of projects that are treated as portfolios of task categories, examined in terms of cost, this approach will bring to the determination of an IT project with minimal risk and cost, i.e. minimum VaR.
After determining for the specific task categories: foot increase labor intensity, volatility and correlation coefficients, these components and the shares of each category were used to determine expected rates of increase of labor intensity and variability, for projects included in the research sample. Expected rate of increase in workload of individual projects is determined by the formula (1). As you can see it is a weighted average of the interest rates increase the labor intensity of each category, and the weights are the shares of the category in a software project. The variability of individual projects is determined by the formula (2) . It depends on the variability of task categories that make up the project, and the correlation between them. In the case study sample derived from the platform http://SourceForge.net correlation between categories is negative. Markowitz's theory that volatility, i.e. the risk of IT project should be significantly less than the risk of each category, which is apparent from the formula (2): between the different categories of tasks, in this case negative, reducting the resultant volatility, and thus reduces the risk of project implementation. Figure 3 shows the values calculated according to the above formulas for the projects of the research sample. Brown color are selected individual projects, while the bluea hypothetical IT projects consisting of only one category of tasks.
Taking into account all the possible values of the shares of the various categories of tasks obtaining a figure, whose interior and marked envelope, specify all the possible values of the expected rate of increase of labor intensity and variability of IT project that may occur with different proportions of each category. Defined in this way, the opportunity set.
In Figure 3 , the dashed line indicated subset of projects with a minimum VaR. A subset of those IT projects, for which you can't specify the better projects, is called the efficient frontier, or efficient set. IT projects included in this set have:
• a minimum volatility at a given rate of growth of laborintensity,
• have a minimum rate of growth of labor-intensity at a given volatility. From these considerations, project should be carried out in such a way that it could find in the set of efficiency or -at least -strove to it. Depending on the profile of risk acceptance, people preferring safer alternatives will seek to projects located in the left part of the collection efficiency, while having a tendency to risk will lead the project towards the right part of the collection efficiency.
To determine the efficient set it is necessary to use optimization methods. In general, this problem is solved using quadratic programming methods that are available in a variety of specialized software bundles. In the case of determination of an IT project with minimal risk or the project with minimal risk at a given rate of growth of laborintensity you can use the solution based on the use of Lagrange's multipliers.
The determination of an IT project with minimal risk
To solve this problem is sought in the minimum variation of an IT project regardless of the rate of growth of laborintensity of the project. The share of each category of tasks in a sought-after software project is defined by formula (3) where: w* -vector n+1 -pieces, in which first n pieces are shares of each categories of tasks, and the last piece is the Lagrange's multiplier , C -square matrix of dimension n+1, which elements are defined as follows (4) -inverse matrix C, I -vector n+1 -pieces, in which first n pieces equals 0, and the last piece equals 1.
The specified set of the correlation coefficients and the volatility of the labor intensity of each category of tasks based on historical data projects managed on the platform http://SourceForge.net gave on the basis of the formula (4) The variability of such a project is 3% and the expected rate of growth of labor-intensity is 16.4%. In Figure 4 , this project is designated as P1. You can see that this is a safe project, which is paid for by the high rate of growth of laborintensity.
Fig4. IT project with minimal risk
The determination of an IT project with minimal risk at a given rate of growth of labor-intensive Strategy of project management directed at increased risk will seek to reduce the rate of growth of labor-intensity at the expense of an increased risk of the project, i.e., volatility of the project. The share of each category of tasks in a sought-after software project is defined by formula (6): Assuming that the total labor intensity of an IT project P1 is the same as the project P2 and is, for example 4773, the value at risk (VaR) in the month period and confidence level of 95% is 384 and 1526.12. As you can see the project P2 is significantly more risky than P1.
Proposed and presented here valuable method of risk assessment of IT projects represents a new approach to risk assessment. Through the use of the concept of VaR and proposed concept is possible to get an objective assessment of the risk level of the planned or ongoing project information. 
